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'l r " ,, I I . rlarsr inrerlne ùodÌi! is .riLL u kno{tr Tl,c rtrrJioses of thc I r.rfr
studl \Èrc /l ro eraùinc îlrc ìnLlúerce of Cl-P I on lporl.reou\
mcclanirJ rli!ily ùd otr lcu.xÌÌy eroked rcslof\c' bj recÒrdile
illraluNnrÌ Frè\su.e LoÌr uout. isoL.Led colonlc \esmenrs: 2r Io
.hrr,.r.ri7c (iLP-2 ùe.hi rù 01 adnìn: and -rl lo dctcrfrine the
di\Lriburior of GLP I .cúeJr&r (GLP lRl in Lhe ùoùsc colori.
ùù6cld ú.il bl lùùunofifo.hemisrt L\ogerour Gr P I rrl l
100 n\lì induccJ a.oicetlradon deleúdent red!ctbn ol the spotr
r!reou\ nìechriicaÌ acti\irt. !thìch $!s dlroÌìshed b) thc desenii
ilzdlroD o CLP 2 .eceptor rr b! Leliodolo\ln- ! wì!tlge depcndctt
Ni- cÌrù,rcl hlocr.È,. GLI 2 inhi|iL(trj effecl rò noL rllecred b)
N'" nitlù L !r!irire nrÈLtìr-l er.r (d iiLìic oxide slrlhxse ìnhibilor].
..rK
.l J. 
'\ D,.\ "-l ,.P'f.P, "
' I r j,
(PT)(). ! C r, rr,Lejt inhibfor P].rimai colo c:p.rse-r rù elcc
rrl.eL fieÌd sriùuldrL.. sÈre.h.fucîcri/rd b! niÍer-elc !ÈÌr\arion.
\lieù ra\ nrllored b) c|.linerlic conrrdcrion. GLP I rcduced
orl] rhc ch.lrnc,gi. eroli.d c..trú(i.ns Thl; ctlecl {rs almo\i
rh.lished bl GÌ.P I rc certoi .lescisiti/rrìon .r fTI CILP_2 ùiled
rì r'le.L Lhe.ort.crÌlc rc5ronses ro c\.scnous calbad CLP_2R
lnnnuno,cr.ti!ìn (lR) Rd: dcle.red odl if tÌ,e neùrcnrÌ ccÌls.l
borb plcxu!Ò oi Lhe .oÌùric nus.le .o.1. Nl,ìÈ ùa! 50s1 ol'
r,l ci tèdc GLP lR l R re urors s!!r c'l rhe .holirc lie tr lr rsle..sc
IR lncofclu\joi.Ihe^clnxti.nÒIGLP lR l...redorcr.linÈrgic
neurons ù!r D.duhre rcsarircl! rhe colonic slortarcou! atú
clÈrl.ic.llt erok.d cof t.r.rnns throurh inhibition.! teqlcholÌue
rele!s. rl,d etlecr ls ùcdirtèJ by G, fr.ttiú
cftcrrr nerlors srstcfì: qrsúoirtc\ljtJ h.rùùnc\: ..Ìoni. mollÌitl:
pÈpfiDtr {GL-l'21 is a 33 anrjno acid peptiLìe
deri\cd lio1n progluctgon tlìrr is lecrctccl b,v enteùrcnd ocrire l-
cells ofihe \m{ll lrd large inrcsiine foll{'!ing nutient irrrke.
cspcci.ìllt car|ohycìrdre rnd lìls (7). The g.ìslroinrestinal rrucr
i\ tbe p ncipal target for CLP-2 actioD $here jt lflccl\ Inul-
ritle frccts L)l plì]siolog). inchdin-s gro\lh. abio+ion and
ìoliliÌ! 128J. ID p.ùticulnr. aiLP-: has been dìoirn 1o bc àn
imtorani iùesd xtrDhic lacîor Lhrl stirnnlales cpìlhelinl ce l
'i\l C \'..ru!chr ir rù c.orlirrútr.t th. iùN,n1'lji{.ùlremic,rl {tr.ji.s
,\iiks tu rcF.(,ùqu.n\ r,(! ollrù ùo!€sFofJri.. l:. trlulà Drfú!_
rìù{..1ili,,i,i:i! Jrllùlùe e,lell. StLlùppf. lrhúat.rio difi!iologù :.ùi
rile ll,i!crrràdr PrLùno.virleùrllcS.jen/e'l0llNldeFr) iralLrlclriil:
trolìiìrriif! j.J i.hibirs afopt,rsis. increxs.\ crrfrs rnd villi
nnd enh:i.:! ùìie'ural digesti\c and ab-(orydre capacitr" i8,
Itr. l..rrdrngh. GLP 2 is regffdeil irilh jr]tere!1 xk) nl
relxri.n Ú ir! rherat.utìc potertial in se\,elltl int\lin.ìl s)r-
dio.r.. 9. llr.
Funherlllore. seleral studie\ nr hunlxn and rninal modeis
ha\ e dernorrrared lhai CLP 2 is able to xllect gllt mor{r
rcti'ir,\. Sfccifìcall), GLP-2 reduces the vrgallr" ìrxlùced
'r"',r ] . Ir,.rr.rr.er 't \'r -(13. 201, rnd iL dcrrcases the moule gxslrjc fundic lone.
lcrcìit]g ro ar increase of the \n)mrch cxpàcìty l1l. GLP-2
seens ro acl jr conccrt wilh ghcagon-1ite feptide I
n|I . ,l I'i 
'..ePr:..i' 'thc hsLcd \rrte 16). The pepride nro!ìularion or rhe gaslro
irîeriÌral motilitl îppear\ to be dne nÌainl) Ìo centfrl
neNous .recha.isns 1301. bul inlolvenent of thc enlerlc
nerlous s,\'stem has l,.een xlso sh{ì$ n ( 1). In addilio|. CìLP 2
has been rep.rt.d .ìs àn iÌìhibitor of irleslinxl transjt ìr1 the
mouse (161 but rhe action of GLP 2 oD largc ìniefine
notility has not been extlorcd ]Èt
The GLI'2 effect\ arc nedì.ìred b) llìe iúeraclioD $ith a
specific GI-P 2 rcccfror (GLP-IR). belonging to rhr clais ol
se!en lransrnerrìbrane-sÌ)anrirg G proLcin conpled recep
rors Alìer GLP I b;rdiùg 1o ùe trarst'ected receplor. tdcù
osine l',5'ctclic nÌonolhosdrxîe (.AlvlPl le!els are ìn
creased (19. 3ll, coDsistcnr \',ìth lìndings fl(nn fudics of
related me.rber\ o1 {he ghrcagor/GLP ÌR laùlill Horveler,
GLP :R nbility rLr couple !o dificrcnl G proÈin subunils àDd
1o acrìlare tnuliiple sisnaling !rlhwa)s ha\ becn rlso detn-
onsiraied 1ì.1. lll. Th. presence of Gl-P 2R nRN,\ tran
scripls hrs bccn denìonrrated b] Norlhenì blot anxlr'\is
dìong lhe murine lrsfi.intc\Linal tracl Nilh high levels of
erpression in bo$ cl rl1) and. hy ir situ hlbridization, it drc
murinc eiteric neùror! 15 . Fufhermore, [ìl-P 2R froleiÌì
has been detecled in rfi.nt and hrman jnrc\Linrl sLlbeplihe-
lial mlofibrobk\ts lr . ir hunraf lnd fìg enreroendocrìnc
cells. rnd in cnreri. n;u:rni. \ù:gc\Ling that nany of thc
GLP I àctions ma\ b3 irl;.r.l through relea\e of not yel-
idertilìed secordar niiJìrtor. L1l. ll).
The preseDr fùd\ r... .:.i:r.1ien to e\xmint polcndai penph
cràl ùolor etlècrs ol Gi ,r I fn Lhc sporìiarìeous nrechdDic.ll
rcúviB nDd .n neùr:LÌ\ . :ì,:.1 r;lpon\es in mouie prorimal
col r ùd Lo !ìclcÍnin; !ì: :ì:::lr.nim rc\polìsible for rhe ob
.1 
.1 ers..ln.o .ll.trrr' !re.-
\ion of GLP 2R if rii::::::: rilrL.rs of motr*c gastrointes-
tinal lract b\ \\ctt..: _:::i:: !.d thc difribulion of
GLP:R ìn the colo|i :: :r.: .rli'.Ì. coat irl inrmuDohis'
1]l9r Lsil/l1l (lqrrrilhr o:1ril)rh: \ùì.fuxd Ph!iiolngicil S, :
\ATERTALS AND \TDIITODS
The erperlments were iùúonz.i rr ]Li::erù della Sùìrà (RoDe,
ftlly),lollowìng rle guidelines ol ù. Ej:i-:tr Cotrllunirles CouiciÌ
Dtucdre of 2.1 \olember 1936. lili: r:l: mjce (Cs7BUlOSnJt
trejehire 25.5 1 1.5 g) were tilFd rl ..ni;al dislocarion. The
abdonetr $as iúmedjatcly opened úd ù. rro\rmaÌ colon {as re-
nìovcd lron . po\itùn jùsr dlsnÌ ro ú: r:r!n Tìe conteùr of the
.\cised segme.t was clerned ilnh K.eb, :.iùùon aDd segmenr of-2
.m in lengù ivas cut. Plepd.rlon uas n.ùrrl in ! cufoù designed
horizontal org.n bath (volùne = 5 úli. (hi.h 
"a5 continuorslylcttused {iîh orygenàted (95% Or and i,. CO: uid heared (31"C)
K.ebs soÌutjoù \,iú thè lìlll)win-s conpoiirlor ù\fl l19 NrCl,4.5
KCÌ. 2.5 MgSOa.25 NiHCOr, I 2 KH:PO.. l.i CaCÌr. I Ll rlu.o!e.
r _. ,Lólx. i)v. r'. raa.p_e.,o l oc b.. b,
ln brìet the distal etrd of ea.h segfreiÌ {s i.d ùound rhe nourh ol
ai tube. which was conrecredliaaT cdrhercr ro . pF $ùre riisdùcer
(Sùrhrfr mod P23XLiGrass Medi.al Ìnsmnenrs. Quir.y.lvlA) a.d
ro . syrìnge for îllitr-E úe prepftarnr. with Krebs solùtion. Each
prepdadon sr\ lìlled Íith 0.1 !t Kreb\ ntùrioi Th. Ìigated prox
inral .nd $as se.ured uith a silk rhread jLsr ro pr€lord rhe pEp a
tiÒis o10.5 g. The nrechdni.ll sieùa]s Fere derecred as .nùnges in
èndolùninaìprcsnre. ivhich arÈ nanrìy generated by clrcularhuscle
1l) àîd recordcd on ar ink {iìrer pltg.alh (Qa$ rnodel ?Dì c.as
1nsl rnem!. Qujnc). MA).
To prolide cLectdcil fleld sLìnulatìoù (EFS), se used a. S88
squùÈ-wave tulse generator (Gras\ jvedical lNrrunents) coupÌed via
a slimulus isoladoù unlt (Ga$ SÌU5l to a tai. of llatinum plates,
which{ere placed in larallel oneiùei sìdes ol tre inrestjraì seenenr.
Prepararions were dÌlowed to cqulÌibrare for 
-60 hi. heiìE ùe sraÍ
Iun îit LdI Eltie|iktnts
I! a iìsî set ol .ipedmerts. atìer ùe èquìlih.atio. rtìe, rhe
response ofùe preparaton to ùolcumuhú,e con.eirrarùns ot CLP l(0.1 300 nNl) {8 examìDcd. Tbe pepride was i,ldèd into rhe talh ar
rncreasirg concenÍario.5 iD volunes of 50 rrl add each con.eiùation
wds leí nr conracr with LhÈ tlssue tb.7 mir The inter'.I beLwÈèn
sinsle coùcentrtio.s ras :10 miì, b avoid rlchlphylaxis In îhe
ibsen.è of well characrerìzed GLP-2R antagoùists. !o connrm rhe
specincn! ol fte obseNed effecr. ùe pepLìde-indùced .eslonsc was
rered afte, 40 mÌn ol dssùe pretr'eatne.r ùnh GLP-2 (10 nM) ro
ìndùce deseD5itiz!îion of ùe receprors. Nlorèoler, to ìnlesligltc ihc
neùional nature ol inlibiror! responses. a r,bndxi,nal conceùîration
ol GLP-z (30 nlvl) sas resred in presence ol retro{ìotoxii (TTX) (1
plvll, a voÌtage dependerr Na_ ch.n.el blockei. Thus the èftècts of
increasiig.once.rarìons of GLP 2 {ere eralù.red.ftei prerrearhenr
ol inresdn.l prepararion\ siîh ,\_ DiÍo L d$nire meú,1l estei (L
NANIE) (300 pNl), an ìnhìbir(tr oî nitnc o\ide INO) s)nrhaser lpamir
(0.1 pl,I). a blocker of sùall .ond!.lìnce Crtr+-deleùdeùt K chan
nelsr llys1.Plo2.5.Aig3..1.'flr6lvlPT 1, a vlP rccelror anîaConlst:
atropì.e (l UNI). a muscúi.ic recetîor anlagonisr or penussis to n(PTX) (300 ng/tùl), a G"" piorei. inhibitù. 'rhese agents trere added
i. rhe peilusing sohtion al least 30 nìn belo.e testi.g ofthe pcprlde.
except P'rx, whjcl s,as lefr in cont.cr wiLh thÈ rirstre iìr I h. The
concenÍitions oi lhe iúibltos used were detemlnèd iroú prelious
everinerts in shich thet' havc beetr ùosr to be effecrive in úou\e
coÌon or ftom llte.arure ( l. 15. 18. 2ó).
The influen.e Òf GLP-2 t0.l 100 nl'l) on the electdcally evoked
rcsponses ras erafuated in \eplEic set of cx!.dmetrts. be]ng the
spontanÈoùs ùechùii.al acri\ìt! abolished by thc rclctitile appllca
tìor ofEFS Tr.i.s ofrin,uli (duration 5 s, supranaxinal voÌt.3e. 8
Hz aùd 0 5 ms puhe drratjon) we,e lptlied to colonic prcpdanor ar
irrervaÌs of ?0 s aid stable ùnd.epRidrcìb1È.e\ponse\ tff a rjme
pÈ.iod of I h {ere obse ed. EFS indu.Èd a bìpndsic .esponse.
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ch.racteized by nu\cular rcÌax.ri.i iìnlowed by .onhaclion. whi.h
\ras dbolished b! îTx (l i,!NI). sùggestiìrg jts neùrJ orjgln. The
responses eloked bl EFS ùcr. analyzed in ùe prese.ce of noncù
m!Ìaú'e in.reasing conceîr.atnDs of clp-2 (0.1 300 nM). The
rÒntact dme lì. each concenrarnh *as 7 mló The effect ot cl-p-2
w!\ evaluared àlìe. CLP 2R deleisitìzation irlîh CLp 2 t10 n\,1 iu
.10 nìn) or PTX (100 ng/nÌl). in separlle erperiùen$, nsues were
exposèd to cumùÌarì!è ìncreasiry con.eirarions of carblclìol (CCh)
tlO nl\4 l0 &N{l or ro KCI (30 ùN{1. and rhc Ìryogeni. corhacrions
produ.ed ùere eralùÍed in rhe absence Ò. irr rte piesence ot cl-p l(30 nM)
Dat.t A alJsX atul Statlltìtul 'resft
For ddta an.Ìysis. rhe seaù ampliùde ofrhe sponi.neous pressurc
wa!e! sas dùermined for ? min before and afrer clp 2 admirisra
tion. -lhè ìnhiblion response of the colonic circutd mùscle Lo CLp ?
w.s taken !s tle perceît cha.ge tîom rheièllìng sponta.eous ucrivjry
(e.9.. l00c/. coresponds ro rhe abolitior ofsponldncons a.ri!ìry). TlìcI b.')r...r o' , r P. .,n e\o\e/ . , .dr\.on . i.n r.
expresed !s apercerrage olrle rcsponse pnrdùced by EFS in c.ntrct
condllioN. Coìt.lctile effecrs iiduced ìry CCh se.c cxpre$ed us a




'.mne, . c\.r i,ne(ECrr) with 95%.onlìdence jntenal (Cl) prcduclre hatf-ma{ùlm
responsÈ was calcùlared u\iig Prjsm.1.0. CrapnPdd lsan DìegÒ, CA).
Sratislical dndlysis was perlomìed by ùe.ns ol ANOVA foltoledbv
Bonl-r.r o.. l',... . \ 1.obr,I.. 
'l e. -...r,1 00(r-.reCùded rs \ignjficant
The ntlowing drugs lere usÈdr alamin. er.opine sùf.re. CCh,
L-NAME (Sigma ,{iddch. Milan. tral})_ TTX .ìÍare tAscenr S.ien-
tilìc, Bristoi. UK). rar glncagon lìlte-reprirte : rcl-p-2), pTX. and
lLlsl-Pro2.5.Arg3..r.Tvr6lvlPr 2s (T.r( Bioscienc. BrìroÌ. UKr.
Each compound *as lrclarcd as à rock soludo. ìn disnÌted r'.rer.
The wo|kitrg soluLùns werc prep.red tie\h the dav ofLhe e\pcriùenrs
b, diluting the stock solutons h Krebs.
Vesram B!otrias dúd lùnùnohisto.henistr
Fo. wcsterr blo(ìng. 
-10 me of tlsue fnr luldus. anrrun.
drodenun, jejutrùù, and colon uas incubared on iù iì RIPA buffer(50 nNl Tn$HCl. pH 1.4: lio nM NaCl. tL Nonide! P-40) co!
tninlrs Dr.relse inhibiros (2 nNl PN4SF- NaVOI fú I h. Subsc
quently. n was cenùjftged fo. i5 úi. !r l?.000 rpm ànd sLr)enarani
was isolate{1. Protein concentiation $as measùred bv rhe BnrRdd
Pr..e c.... a,RroL,bonor... v 1t P:o., .-nr.r
*rrc sepùared by 107. SDS PAGE conr.ining 0.17. SDS .nd lr.nr
lèred îo Hybold C nìrroceÌlulosc membranes (AmÈrshm Lìfe Sci
ence, À4unich, Gernany) bl eledroblotrine Lo.di.g !ùd transfer
condltions were asesed b! srdinìng oirhc eel $nh Pon.eau Ed. The
reÌaile nriglatioù position of ra.let !ro1eù {ns detected hv usiùn a
co.le l-.1 co D".,.;n"c r.,1. .r, v.iit pror ,k !:n
vilroge., PaisÌcy. UK) The nenbranes serc seque.iall! incubared
oreftighr with andbodles ro CLP-2R (Sart. CiuT Biotechnoloey.
sanra cru7, CA) mised agalnsr rhe NH2rcminal exúe.eÌtulardolrajn
of rodenr GLP-2R (dlhted l:?00). o. mouse B ùbuli. (diturcd
L:5.000) (Signa Aldrich) lpplled N a lordiie cotrrrol. ind lroLeìns
were visùallzed b! lsing an anti goar IgG se.ordary aùribodl coiju
gerèd nr horeradish petuxidase (dllured t:10.000r isanra Cruz Bio
rechrolo$). The tùget proleins rvcrc detected b! ènharccd cleùilu
nìnescence (Pierce, Rocklì.d. IL).
For iùnutrohlstochenìsrr, prorìmaÌ colon specin,eìs (,! = 3
micel we.e îred in 4-z pe.afónnaldehlde foi 4 h àr 4'C The
speclmens werc cnoprctected i. ll)% \uc.ose ln phosphÍe-bulìo.ed
eÌire (PBSI nn 
-12 h al.+'C, frozen ì. KiÌìik cryosrat enbedding
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mcdi!ù lBro O rca. \ÍÌlaì. lulJ). l nin Úe secrions. 12 pn drl.k.
lrcrc c!i- collccrcd or p.lll!\i.e-orled slides. and preir.ubrted l!
0 5c. rriror rS,gììa Ald.i.l,) od I it boline seruù.lbnùin (SÌ.ena
Aldrichr in PBS lìr Ìj úìn ir rooù remperan'r. Thcf llìct wcre
ìnc0bùrelLÍnh GL1' :R |ol,lclonal lnribodr {Sanra Cru Bnncchr.L
' 
l', lro 5 o.r'Jr'lilt I{is rele.led Lry lshe diù rconddir a.riÌrfd! Ale{ Flùr 183
dorke) dri eodt ilnlitxrgcnl l:-lll lìi I n Í ùD rempùafte. To
. ..r.. .,t D- ( .!i -.ÍirÍerr sequùuì.I s..tions..+ |!m ll]ick. $ere.ryocuî lroùr erch
stecnren and colÌecredon sÌidcs i.l \ectioiVslìde. I sli.Levspe.iùe!)
nì lfÒ sepd.re ù).taìnirig ùe nrr and the thlrd
secdo!, tìc oihcr drc! corlxrrnrg ùre \ecor. and tle louÍh scctio.
lacb lrcd $ds b.rd€rÈd sirh r p.p !en. atd dìc rro \ectioi\ ol frè
rrc! re,c nrcrhxre!ì silh GLP 2R dndìrodr !\ dÈ\dihÈd abole
rl,e,er\ LÌre tNo \e.tiùìs .,1dre leiehbor a,c! ùe.e ìn.ubrled *nh
drnn e...rjlriislei.se tChAT) polyclonal aúihùdt l.geneuLs gift
.i Dr.l\1. Scheme ill2ll. ar fìn!Ìdiluljoùol l::l)0o!e.nighrar.1'C
'rl,e L$. inrtuLnorerci,rìs $ere rercrlcd br. trsì.9 Ll,c Alcrr Fluor.l38
:È.on.lù.r dorke! ùnd go.r 1 l3l, ord tl,e Ale{r rluÒr5rj3 secondiry
gÒir inliribbir 1313 reslectivdl. borh ir.ùbrled lìr 2 h. rl rooù
rempentlN atrd thc! ohscned !rde, rn Èpinuoies.er.e Zùis Axlo\
lof nricr.sc.tÈ NegrLi\e ..nr.h were ledorncd b) orìiiirrg tlre|ifttr) mlibolìies. ú11 àLl ol ùùr had !o hbcljrg L,ìn, -i (h"-nl
B,r !sine ! )..+0 objccnlc. CLP-lR nrmùn.rea.tirÌty (R) rcurcn\
sere .o!trtcd alons tìc crliìe Ìr.inÌelei of e.cl scctnlr l:1 sectlons
erch .!iì!Ìl tlkjlg !: ttaili.! úd ending poi rhc nrscl1(n oî rhe
Dcicnrcry. Qulnnncrti.r Òl rhe .euols shlring CLP-IR- rnd
CIA'f-lR $b dore on die seqlerllal \c.ti.rr c.lleúLed a; ibore
des.ribed Dignized im.eei ol drc cntne lc.i erdr Òl the tnùscÌe Ítll
1ere .cquled !h. x.10 objcctire ard LiúsLined iúo Tllì! îÌ.s b\
fse olScionlmaec. flcllcdse\ se,È delì.ed on ùe blsii oi slruct! al
derdls Filhtu the tis$c seclion Lo ensure thal ùc ncldt did not
.'erÌ.p. Colip ison bcrNen picLures taken lrom CLP 2R lR dtd
Ch\T lR s.crlons dt tÌrc s re le\ eL sis doie ro ùellÌiy ùd quait,r!
drose neuois rlút shard tre ru. nìùke6. Orl-t th. Ìlbclcd rcunDnl
boLlics lrcrc cln\i!ìcrcd tuì qrantincirion The count u!\ do.e b) t$.
ol us bìind irì Èadr .t|èls re ks o! a rotdl ol 12 5liúè\ lor eech
r I r '' te .r. i.,r
RIStrLTS
rnfiùcn.e af GLP') on spottancou\ nullanica! .rct'li^.
Nlouse trorimxl color erhibited sfoùLdnco|s nÌecharìlcal ac
rlvity consisting ol phasic conlrnciion\ rl a Aequency ot 1.8 i
0.1 t,r : 151 and an ampìjorde o110.6 a 2.5 cnrH,O (/r = 151.
GLP I l0.l r\'1 30rl nl\fl produced nnìibirory effcct\ on the
prellurc $a!e\. chaiacterìzed br' a decrease in lhe .rcan
amfliLúìù ol slorraneous contracrions. x'ithoul rtrèctilg Lhe
fre.trLcncy and llìe restirÌg tone (Fjg. 1.4). The effecl o.cuncd
\vithin I rnll] àfter addition of thr prptide and ivas conrtlettl)
re! rNiblr .ìfter n'rshout Íith norm dl Kt ebs solution . Figtrr. 1 B
!lu\\ Lìrc concenÍarion-resÈrrsc curle fbr tlìe ìnhibitoj," cl
fe.ts ilduced b) GLP'2 on the st( aneous conrrciions ol
i$lnred nìoxre Forirnal colon. GLP 2 trroduced r ma\hal
effect conîspolding io -75n 01 rcductìor of nmtliîudc ol
spontrncous contractions with nn EC.o : .l.r-lDNl (CI = 2.-: 7
rl\'f: n = 6). To asless îhe \tùcìJìcit"\ of the eff.ct. Lhe
preparulions wcrc trelrerted forl0 mjn wirh GLP-2110 nM)r{r
desensirize the reccptors This irennrent produced an earl) and
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-Los [GLP-21(l'I)
Fr,i I ì r\t,.!l rèJ,trdùìgi sh.ritre rlr. iihibdolt et..c ol incFasing
..rìÙd!rùùÈ ùa glu.r!ùn lik. prprid..l rCLP-ll .n \poùldeoù\ lontftc
don! ir ùoùs. prorlnal .olon. a .onleitúrior !.\la,rse .u0e\ ntr rhe
inhibiú) cffcc6 indo.e,l bJ_ Cl-P.l hcirc ùnd rlter Gl-l2 rèretú (GLP
lRr Jè\Èr\i1i/r1n,n I 0 nNl lnr.l(l ùdì Drtu ar. ùr.ùr + SL(rì 5l and xf
crpltscd as p.rr.ùrx . iúibiÌor ol Ìhe lponrureons oont(ciion. SE i\
Fponen onlr jin sx.een\ úe diùensnù.llre'rnrbol I' :: 0.05.ùntrrè,Ì
ùiLr the rc\!ecrlre orrÌtu cofdnn,ni
ftnlowcd by re..!er,," lo thc jniLixl a plìlrdc. In lhese condl-
tjons. the ìnhjbiiioD of rncchanicrl rcti\iL) ilductd b! the
f.fr I r.' ..il..l r'..1 .cr.
usccì (Fig IÀ1. Thc clcscnsitìzition eftèct was rÌot rerersible
The r€sponse ro GLP-I (0.1 100 n}1) $as nbolished by TTX
il p}I), \rhich per se redrced úe sirootîreo!Ìs conrrrction
.ìnìplìtLì!ìe {.':1c ìHrO), suggesdrg ils neural origin. Howc\er.
il \ as ùor al lècted bl L-NAÀ{E 1100 t,\1). a blocker of the NO),I- '.'p - .f.. e.| .r'rrrl. I -ìryì apdnin t100 rM), a blocker of small condùctxncc C.ìr+
dependenr K chamels: or ll-ts l.llr)2.5.A rg3..l,Tyr6lVIPi rs(300 nNl), a VIP recepo| iniagoni\t (Fig. 2J. In corhast. the
GLP-Z lnhibilory ellèct w,rs significdntlr' rrduccd b) .rtropine
lÌ pX{). a nluscaÍrÌic recepî{rr blo.ker. thàL tùr sc decreased
rhe rÍÌplitude oîùe sponraneous connactions (-l crnH2o). or
by PTX (3{10 ng/rl]ll, $'hiclì per se was \lilhoùt xD,," rliùct on
\pontrneons echanicil actilit (Fig. 3).
hilùe ce al GLP 2 o îhe neùralL\ e\,.)ked rcspotsct. EFS
(t"din\ oi 8 Hz 1ì)r 5 sJ ùdrced r Ìnùergic sllìaÌl relxation (0 4 - 0.2
c H:O: , = 12) labolìrhed bl L-\A,\{E) \rhìch was rlwry\
tbllosed b,! cholinergic contraclion (l.l.l - 2.1 cmH,O: r =
ll) iallohshed by airofinel. Gl-P 2 r0.l 300 nl\41 càùsccì a
concertralion-dependent redùctior of the elccricrll! evoked
cholinergìc contractiorìs. irìlhoul xftècling the neurrl ìnhibi-
llrrl re\ponse lFig. .1,.4 ard B). GLI'2 (100 DNl) ptucìuced
-ó{l+ ol redncrion ol the evoked cortrîclile re\toDsc {nplì-
tu!ìe ancl rhìs e ècr $as re\,ersibìe afier Nrshing out. The
ltr
itJl+
illl li1l ffi mn *on
.1JP O.!n,ir!.r//n.rPÀtrt .\'oL rr.\o\E\IBER rlLr.rl's.]P-sror!

















- Los [GLP-21 (M)
Fìg .1. .4: lyFìcaL Gco'dings shosins rhe nrhibirory ertulL\ ot nrcreasing
concenùadons orOLP 2 on choli.trgr. .onr.lcrile 
€sponsù ro èìe.lricat neid
$tuulatior rEFsì train of 5 s, 0 5 ms, supranmìmal roltaeè, 8 Hzl ir mou\e
lrorinal colon. a: .oi.enùltjon response .ùr!es r.r the innibnoi! .fte.s
,o ...tDtbr01 i 
'n It.rutp._Doàó,,u,i O t
lor 40 nnri , = t) or liÌer Plx (300 igr.l; r = 5l or Ihc neurùll) èyoked
cholinergic conÌiaúnÍ Data ùe nems i SE aml !.e exprèsed as apr.enr
rge ol thè Esponsù obrùined in rhe lbsence ol cLP 2 SE is reporcd ont! it
iÌ .x.eerls the dinension .f rhÈ slrbol. Conrot .ù er ùc means ot rhc
conùol datù obîanred beiorc each úÈahenr *? < 00i c.n.àred wi$ nre
Èspecrlle.onùol oondiiions
Erpression Anab"sis
Wesrem hloîîing. \lestern blol an.ìlyses of mouse fundùs,
an1nrm, dùodenùn, jejunum, ard colon yielded a single 72
kDa band coresponding to the molecùlar ùeighr of ihe cLP
Fis 2. Concentmrion{sÌrisÈ ru.\ès lù ùe nrhibirory èilecs irdù.ed by
GLP 2 in ù.t.1 conrliÌions l,r .' l.1t aód in dre prèsence ol Tfi (1 p\4ì, ."
31, ip-nirro-L arE,ni.e Feth)-l ester (L-NAME: 101) pMi , = 1). ltlnnr (0.1
pM, r = l). or Lrsl.Prol,5 Argi 4.T.yr6lvlPr rr (300 n\'1,, = 4) Dara ùrè
nèa.s : SF, and uè erpfsed ùr tÈrÈnrage inhibniln ol the spontaneous
codùa.h.i The lonirol cùFes ec rhe oeans ol rhe clnrol dar. obtanEd
beior€ ea.h ùèaùnenr SE is repored only il n cxteèd:lhe dimen\ion ol Ìhè
nrhibilory aciion of GLP 2 was signì1ìcantly reduced by
GLP 2R desensiiization or by PTX (300 ng/nrl) (Fig. ,lB).
GLP-2R desensitìzation caused an transient redùclion of rhe
evoked contr{ciions. whìch $,as followed by recovery ro rhe
iniîial arÌplitude, whereas PTX did nol affect the evoked
In the tìssue, GLP-2 (30 nM) did nor affeci the concenra-
tion dependent contràctilc rcsloDse induced by CCh (10
nM 30 pM). a nuscarìnìc àgonist. (Fig. 5) or lrhe contnction




" Log IGLP-21(M)|ig 3. C.ocentdtún response curves Lr Ìlre inhibitoq etsrecE nrdù.Èd bv
CLP-I in.ùnùol ..ndi!ùn! (r = l0ì xnd in the presence ol aùopine (l ]lNl:
r = 5) orperùsis $iin rPTx;100 ns,'nl;r = 5ì. Dall are neanj - SEord
.re exprèsed as prr.enragè inh,birbn ol lhe stontnneou\ .lnrtuction. The
conlrol ouNes aEthe rncxùs of rhe.onhrl data.bra,redbènre aa.h ùèatnenrD 00'..'! e \r. p- 1 o'ol,od o'
47654
" Los lcchl ([4)
Fig. 5 Clncentralion{sponse .ùr!ès iù the oontacljle è1lccs 1ndù.eú br-
cúba.hol (CChi in moùse proxinal .olon bèr.re xl rlter prekaù.nr Firh
CLP-I (10 nÀr) ConùcÌjie respoNe n cxpre*ed a percent ol rhe naxùd
Esponse Dara arè úèùns :! SE (, = l). SL is r.p.ned onty iait erceeds Ìlre
dimen\ior ol Ìhe svnbÒÌ.
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,..0**.,."o.o"\1."$o.""*.o")ÌÍdffi'.à iffiH&t"i
GL'_2R/o.Dé ffi;.&*@ffi,$ì lffii'e i8ffi- tr "s1
Fj!. ó lmmunobloÌs ùi nbole hololenxrc\ Itun nùu\e sarn! lun{luì
aînùn..ltrodd m, iei'unn. drl .!hn \luri.s the erpre$n in rl Gl-P 2R hd
R tubulin {l!rúr-g clnlroli. N.st]jile ronttul rrs Òhtrùìed b! .ùúùng rhc
!.inrrl rnrihrd) Sh!\n lrc r:!rÈ\Èiht!. blús tr.ù I Lnd.Fùdr0i .\!.ri
:R I .- Te. nc .l e-erce n rol. r "t "..i I u" .
obsened giver ùai GLP-IR lelels \rere relalively higher in
sa\tric lìndxs ird color than ù dìe small bowel (Fig. 6).
h ,ùoúltijîúltenìs\ GLP-2R-IR in lhe proximal colon
ùas clerecred onl), ìn rhe neuronal cells of myenlerìc and
subùucors flerlsel. The IR neurors were round or oval in
shape: ihe labeLrg was delecied if lhe Frikaryon aDd in
numerous nerle laricosiries jrside the myenterìc gànglia. Thc
labelirg hÀd a granular alpecl. iR fibers were \ccn out\idc Lhc
gnnglia. few in the thickness oflhe circular musclc cort. many
at the lubnucosal border (Fig. ll in rhe regjon conhnrmg Lhè
so called snbmcosal interrtuial cells of Cajal. Sonre ofdre IR
.{. se .r.w( \l-le rl . ql
Cl,\T IR reurorrc were fresent irÌ boih plexuses (mleDteric
ànd sLrbnmcon, ple set. They had arourd or olrlferikrryon
ard dìe lalrellng sas homogerotr\ly dist bùtcd ir lhe cyto-
plasm. Sone lR Dene lìber! were detcctcd in Lhc muscle coat
and nunerous at ile submu.osîl bordcr of tlrc cìrcrlar mu\cle
1a)er (dala not sho$n). Sol]le of lhe IR Ìctrrons $ere also
GLP-:R-IR (Fìg. E).
Q anîìtu:î^'e ana\\ìs.The nean number of GLP 2R IR rnd
ChAT-lR neurors per sÌice in rlìe nryenteric plerus is rtforLcd
nr Table 1. The nÌear number of reurcns per slicc 1h{t, L1}
colÌìparison. shared dìe two markers wrs 18..14 1 1.32 at the
Frg 3 Onc nr.ye.reri! ! rslidr. ,1 I CLP ll.l lR neuîN. lh. labcliie n
derùrèd ri tre Fenkrry$ rml Jlong lhe ocll ptuce\ses rùd hrd a lranùlar
asp.cr Ai 6 .h.l,i. arùr!ìlrmli ie (CbAT) Il1 re&i.\ The lnbe[rg i\
homosenoùjlt distibùÌcd nr rh. pùkrry.n and hri r g últ alFrlin rhc
tèll trireile\ +Neuon\ tùl e\FE$ bolh hbelings Lru = l0 pù
Drscusslo\
The fresen! stud,"" demonstraies lhal. in lìloÌrse proxìllìal
cohn, GLP 2 i! able 1o nrodulnte negarirely the spontaneous
mcchaDicrl acti!ìty nnd tlre electricall) evoked cholinergic
conttuctioùs thrcugh inhihition of xcetylchol;ne release fronì
enteric nerl(ns. Thcsc conclusions drc îl\o lupfofted by
inxnunohistocherÌistry. cho$ìng thc prcscncc ol rhc GLP 2R
on mtenreric ncurons. hrll l)1 $hìch slùred ChAT IR.
h is $'ell icc.plÈd Lhar CLP I àllccts mtrlt\rle f{cals of
gasÍoinlellinàl phy\nnogf, conccming nrrinl! ihe coÌtrcl of
r' . ^.l r"" l Jr I,,.ri.{ ..! eÌilFiIi,re!fr\.e.re
tìon. local blood fiow. nutrieni uptake. rDd utiliTxrionl (8. 28).
Ho$e!cr. liLtlc i\ knosn xboùt its rcle in the contfol of ihe
gartrointefinal r11oLilily.In ancfherizcd pigs. GLP 2 rcts {s aD
idìibiior ot' grsrìc motillr,v. because ìi abolishes rhe motor
response ìnduced by hylìoglycerÌia (30). ln humrns. rcsults
aboni rhe abilit] of GLP-I to snppress gasÍic nìotility a1e
conlìicting and could depend on lhe nìethodolog) used lo
assess annì]1 eÌnptyìrg or on the qpe ol aLìÌùìistered tesl meal
(lo$-crlone liqnid neal orhigh-calorie solid nìealt ( 13, 17.20,
2.1). ln Ìnouse, GLP-2 decreases lhe gasiric tone leading !o an
increase of rhe stomach cnpacj!r'(ll aDd ìJìhibits the irtestjnal
transit il6).
\\e ìnirially used \lestenr bloltjDg îo exînrine the dist.ibu
tion and reladve abuDdance of Gl-l'2R alorg lhe nrouse
gast.ointefinal lract. becanse to dare dris has not been inves
Tàblè 1. Qudtlîirdîi|c dì1alr\is ofnn" norcatJne ne tuns/
te ,t nrycnî.tic plc*s nf tnousc troxinal .olon
fi!.i GLP 2R inxnunoercLiritr_ llRr i rhc ùouse coLon. The lùbeliig is
pFs.nr orlt in neútuml !ell\ îre ounrnal bodies shoî x dillLN IR \úh
-fnnùlu r\Dect Serelrl IR rhèÀ are ù$.nr in Ìbe mù\ole 0.!l erpe.illl! rr
th. bo er ùirlr lLe \ubmuú.\x lSNll LNIL. longiîr'di0d nìuìtle l4ùr: CjUL.
oituulrr núrlè lrr-èr Bxr = r-5 pn
CL,P 2RICbAT
? Col,ìcrlizúion \! ClrzR
ti CÒì,Jc!li/!rion \. Ch.\T
Dah uÈ neaN - S[ rr = ]ì CLP 2R. 
-glùcrlon like peDti.le I recepror;
ahAT .rì ine rÈirnrxnli:rr.:
AJI' anúúint!r Ln?t Prsi.l
ligaled and lhe orly .ìyaillbl. .: 
-::rrr ii a|oul GLP-2R
se.c e\lrression (311. GLP-IR i-. r-:..:'J i. rll gastr)intes
rinalregiolÌs eranne.ì, sith r.l:i::: r . :r:r lÈyels of erprev
iion in gisriìc lundus and colo:ì .. ::: rr !ùall iniesrine. The
CLP 2R hjgh le\,el in gasú. -:.:,: !ììÉpons onr r&cnr
e\'ìdence for GLP'2 abilitt to ì.J:J: :--:i. re[xxtion (l).
ThÈrelìrrc. otrr working ht porhrìi! :, -:.! iLÍ GLP-2R actì\'r-
rior nú] induce nÌolor effècc al'r ir ù.rs..ol(rr. Actuall).
our dah sho\! thrt exogerous GLP'l r;cu..d ir a concerÌÍa-
rlon-deperderìt ùrànner spo.trn.ou\ m:.h!ni.al dcLi\ily strg
qcriùg.L potentìal irhibitol] ro]e oi ihe N.frìde or nouse
colonic c'rcul nìuscle. The elìècr ì! nì;,liar.d b,v GLP'2R
because ùe rgorisr nrdùced dcs.nlirjrlrnrn al.nnr .ìbolishccì
úc CLP : rc\fonle. ìr fac!. iD lhe llrierce ol aìl P 2R ilell
lhxmcterìzed ariagonists, desensirizarion can represenl a rse'
til pharnÌacologìcrl dn iD thc study ofr?.ep1(ns. rnd CLP 2R
has been sho\rn to underso rapid and susr.ìùìed honìologons
desenrnizarion incìuccd b) rh. agoni( 110. l9l Iùdeed. GLP
li " hrs beer trles as a CìLP'2R aniagonGt ll. l5). but n
work! rs sell as a {'eak partial ago isr (17). The poreùc}
lEC5o) of GLP-I tu incìùcìng cokrnic mhibitory cflccrs wa1.l.0
nlvf. \hich is in agreemert wjih lhal repored lìr rhe hrnìnn
and/or lxl aìl,P-2 abiliry ro siinìulate GLP-2 rcceptorin various
cell lypes (ECn) rangìng from 0.0.1 to l;1 n\f) (10, 19. 27. 29)
or for indùcins nÌouse grstrlc relarrdon 111. Prelimirary .ìnal-
t\cs iD our lxbont(ny hx\e jndi.xted thri the GLP 2 plasnra
concentration ìs --0.1 ng/nn in ad liblùnì-lèd rnice. in good
accord ilirh ihe nnge of eÍècrile coùcerÍadons used in Lhis
\rudy. lvloreoler. a dìpcpri!ìyl pcptidasc I\r nnribitor lDPPl Ìcl
cNscd rrductioD of evoked cortractioùs lrÌggellirg the occur
rence of n svslenÌ for netabolizlrÌg GLP-2 in lhe color (F.
N{ùlè, unpublichùd obscr\rLion\i. Thorclì)rc. wc rc cncour
aged io corìsider dìe GLP-2 effect as a ph)sìological acriolr.
We can olly spùculàLc rb{)ut homonàlrolc or coldric (fjlity
b.crùsc ir coùld be released in dre blood sream from L ttpe
enteroendocrine cells of the sÌnall rnd l.rge intestine aiìer
nutrienl ìnge\(iùr or il could àct riLlr a tdlìclìùc Drccìr.ìùisr
near ils s;te of lrodnclion (colonic enteroendoc ne L cell!).
Reduced colonlc prolulrìon cax\ed bI GLP-2 could lead to
greater absorpliùì of $arer rnd elecnllyte!. jn rgrccm.Dt t!ith
its nunierr absor?li\e lLrrcrioù 113,28).
l\4oreo!er, we invelligaled $hether GLP 2 nrduct\ nnribi
don ot' colorìic noriliiy vla a dlrect action on lhe snoolh
ùù\cle cells {nd/or via {n ìDdirccr rctìd. nediated b_v enteric
neNous syfem, because extressioù ir ent.ric ncuroùs ol both
submucosal and llìlenteric plerius has been repoiled (3. 5, Ìl).
The obse àtìor thàt TTX. a blocke. of renronal voltage-
depeodenr \a chanrels. aboljlhed lhe CLP 2 effcct\ suggcsts
rhai neurons $irlìin dìe inlranìurrl plexuses are respon\ible for
dt àction oi rhe peptide ìr moùsc color1ic cìrcular nuscle
lndeed. our x nunohisiochenìica1 srudy shoùed that ir the
proxhal colon rhc CLP 2R $à\ eipirssed only b_! rhe nenrc-
nal cells. lR \!as delected bolh in the rr. of mycnLcric rDtl
submucosal neurons lrnd irÌ lhe nene 1ìbers. elF.ixlh at the
bo cr bclwccn rhc cilculll mú\cle liyer and the submucosa.
The inhibirol) etfecls ìnduced by GLP 2 scrc nor cdidlcd
by ihe release of an) ììblrory reurolransnìilters bec,ruse îhe
NO lyrìthxse jDhì|itor L NANIE. lhe VIP r.ccptr)r antàgonì\L
fl-ysl,Plo2.5,Arg:1,.1.T).61\rIPr 13, or the blocker of snìa11
corductance Ca:--dependeDt K chaùncl\ .Ìpàn1ìn. qhich an-
CLP 2 A\D CHOLINERGÌC N'!ÌRO\S
ngonizÈ\ the ùrhibìlory pnrinergic rrrDs.ris\ìon in this prpa
rarion (261. fÀiied io ailècr the mcchaDic{l response to CLP L
Thercfore. we addressed ùe possibjii\, lhar cLP,l jnhjbi
lory eftèctc could be due to a redrction of ongoing Èlease ol
xcetylchollne. Cholùrergic nìolor neurons ha\e beer repoÍed
1o be strontaneou\ly aciire in nìoule ìleum (.1),.Lnd we ob-
lerved a rednclioÌ of the nlnplitude of sponrrncous conirac-
,o.h) arropi .. ,..:p. r- llr.. r,"r-pr. .,r"r,,.. nrr..J-
rinic receprors arc tllricalLv actjvaled as reporrcd ir a lrevious
invefigatìor (lE). Aîropine signìtìcandy arcnúted cl-P 2
inhibirorl etlècrs. irdicatiùg lhal muscaùric rcccfi(^ were
inloh,ed on ùe ho.ùùc mechanism ol actìon. Thcnforc. oùr
ddix can be intertreted as suggcsiùrg lhat circulù slnooth
nùscle of nouse proriiÌnal colon i\ under a ionic irÌlìuelce bv
r. lJ,e.\lc ro ne.'r.l Cl P 'R :. r,., ron o, l.l e.l .. rl
rcle{se of the ercìlatory rransmjuer from ihe cbolìncìgic
neNes. To further support oùr hypolhesls \:,e tesred CLP I on
neLualll rnediarÈd rcspon\es eroked by EFS. TlrÈ obs.ùlrion\
thal úe peptide rcduNd. in lì coìrcenratiorì{ependenr nranner.
dre electrically e!okcd ch(tiDergic responses. \\'ithout rtTectins
the nitrer:ìc relaxarion. .ìùd this effect qas alnÌosl completel\
abolished ifter GLP-2R desensiti^t(rn, prolide lirthcr c\i
dcDce thai GLP-Z recepmr acli\rLion js able to rnoduhte rhc
iilcàse of acetllcholine. On thc othcr hard. GLP-2 fàìled ro
dflectihe conúactiors iÌrduced b) CCh or KCL. conlìrnìing lhat
the peptìde does nor direcdy inrr.lcre $jih snoolh nxscle
n sc.Lrinìc receplors and rhc inhibitorv ncîion is achieved
prìmrrilv b! actlrg on trreìuncrional rccept.rs. Once more.
rllrÌunohistochellììcal data support oùr h\poihesis because
nÌore Lluù 50% of ln1'enteric GLP-2R IR .cúrons lhared
ChAT IR. Our proposed mechanism n nr xgreenrerî $irh a
prevìous rcpoÍ in guinea pig ilenÌrì slìowng rhar xÍi!aîion of
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